The inhibitory effect of milk in the PCR detection of Listeria monocytogenes could be overcome by washing the contaminated milk sample with phosphate-buffered saline and concentrating the bacteria to 1/10 of the original volume. In order to avoid a possible failure in the detection of virulent L. monocytogenes, a one-step procedure which enabled demonstration of three virulence-associated genes, prfA, hlyA, and pkcB, simultaneously in a single PCR mixture was developed.
lanes 4, 5, 7, and 8). When bacteria cultured overnight were compared with those obtained from a 5-day-old culture on a tryptic soy agar plate, it appeared that an old culture was superior in the detection from the smaller amount of sample ( Fig. 1, lanes 7 , 8, 10, and 11); however, the detection from a fresh colony became more sensitive at 100°C. The increase of the Mg2+ concentration to 2 mM showed a significant effect in the improvement of detection (Fig. 1, lanes 7, 8, 13 , and 14). On the basis of these results, the bacterial specimen was boiled at 100°C for 5 min in the presence of 0.05% Tween 20; then a 1-,ul DNA sample was subjected to PCR in the presence of 2 mM MgCl2 in the following experiment.
Suspensions of viable L. monocytogenes EGD were prepared ranging from 4 x 103 to 4 x 107 cells ml-' in phosphatebuffered saline (PBS). One microliter of the DNA sample prepared from each suspension was subjected to PCR for various cycles of amplification. As shown in Table 1 , it was possible to detect as few as 4 x 103 bacteria ml-' at 34 cycles of amplification. Since only 1 IlI was taken from the boiled specimen into the PCR mixture, it indicated that fewer than 10 cells could be detected. The use of a pair of primers (3'-CGTITAGTCACYI'CCC7ll''lA-5' and 5'-CACTCAGCAIT GATTTGCCA-3') specific for hlyA (GenBank accession number, X12157) encoding listeriolysin 0 yielded a similar result with primers specific for prfA; therefore, the present level of sensitivity in the detection seemed to be applicable to the practical survey of contamination in the milk. When 500 CFU of bacteria ml-' was subjected to PCR (0.5 CFU per PCR), a 276-bp PCR product specific for hlyA could be obtained in 3 of 10 repeated PCRs (Fig. 2) . The 30% positive rate in the detection of (theoretically) 0.5 copy of DNA was consistent with the Poisson distribution, in which the calculated probability of having a negative result is about 60%. Using the above-mentioned PCR setting, we tried to detect L. monocytogenes suspended at serial concentrations ranging from 102 to 108 cells ml-' in commercially available cow milk pasteurized at an ultrahigh temperature. Compared with the detection limit for bacteria suspended in PBS, the detection limit for bacteria in milk was over 100-fold lower, suggesting a possible presence of interference by the milk (Fig. 3A and B times at 5,000 x g for 5 min and then preparing a final suspension to 1/10 of the original volume of PBS. This washing procedure resulted in a significant increase of the detection level (Fig. 3C) . The possible loss of bacteria by this washing step was negligible, since pour plate determination showed that 99% of bacteria suspended at 50 CFU ml of milk-' could be recovered after the washing step (51 ± 2 CFU before washing versus 50 ± 6 CFU after washing).
Both prfA and hlyA are regarded as the genes critically involved in virulence (2, 10, 11) and also unique to the species L. monocytogenes (3, 21) . In this respect, the detection of either prfA or hlyA appears to be sufficient to determine the presence of L. monocytogenes. However, it is plausible that some L. monocytogenes strain may lack one or more virulence determinants because of some mutation. Though the frequency of spontaneous mutation or deletion in these virulence-associated genes is not known, we cannot deny the possibility that some mutants like those produced by transposon insertion (10, 17) may exist in nature. Therefore, it seemed useful to develop a procedure in which various virulence-associated genes could be detected simultaneously in a simple step. To this end, we have tried to develop a simultaneous PCR detection of multiple genes in one reaction. In addition to prfA and hlyA genes, plcB (19), which encodes a 29-kDa phospholipase C (8), was employed for a PCR target because these three genes are not only involved in virulence but also located in a similar region of the chromosome, separated by plcA (between prfA and hlyA) and mpl (between hlyA andplcB) (14) . The expected size of the plcB (GenBank accession number, X59723) product amplified with the primers used (oligonucleotides 3'-AGTGTCGT'TT GAAACCGTCCA-5' and 5'-GCAAGTGTTCTAGTC'TTTC CGG-3') was 795 bp. Preliminary experiments showed that Taq DNA polymerase needed to be increased to 3 U when the Although the incidence of L. monocytogenes in milk so far reported is not so high (12, 15), the survey of this virulent bacterium in milk appears to be critically important from the viewpoint of public health, since even pasteurized milk is reported to be a vehicle of infection (5). Therefore, development of a feasible, time-saving method of PCR detection of virulent L. monocytogenes has a practical importance. The present method of PCR detection including washing of the milk sample could be completed in 5 h without preenrichment. With listeria enrichment broth and listeria plating medium, it was found that as little as 0.1 CFU of L. monocytogenes ml of milk-1 could be detected as starting material (18) 
